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Species Needs.  The ranking system we used for vegetation types considered as potential habitat 
is described in Tables B-1 and B-2 of Appendix B. 
 
 

 
 
Figure 6. Visualization of the union of three data layers to produce predicted potential 
habitat map for the Sonoran desert tortoise. 

 
Using these three parameters, we were able to identify the extent of potential habitat within 
Mexico and Arizona.  This rangewide geospatial analysis resulted in an estimate of 
approximately 38,000 sq mi (24.3 million ac, 9.8 million ha) of potential habitat across the 
species’ range (Table 1) based solely on those three parameters.  Of this total, 64% occurs in 
Arizona and 36% occurs in Mexico.  Depending on each cell combination of the three 
parameters explained above, we were able to classify the potential habitat as high, medium, or 
low across the species’ range (Figure 7).   In Arizona, 36, 51, and 13% of the area is categorized 
as high, medium, and low potential, respectively.  In Sonora, 32, 68, and 0.2% is categorized as 
high, medium, and low potential, respectively (Figure 8). 
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C. Vegetation Layer 
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Table 1. Total areas in square miles of predicted potential habitat of the Sonoran desert 
tortoise in Arizona, US, and Sonora, MX, as identified into three categories. 

Potential Habitat Ranking Arizona, US Sonora, MX 
Total 

Rangewide 

High Rank 8,625 4,350  12,975 

Medium Rank 12,474     9,377  21,851 

Low Rank 3,097 34  3,131 

Total Habitat 24,196 13,762 37,957 

Total Not Potential 
Habitat 15,982 12,000 27,982 

Total Project Area 40,178 25,762 65,939 
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Figure 8. Summary of Sonoran desert tortoise potential habitat rankings in Arizona, U.S., 
and Sonora, MX, in square miles of high, medium, and low categories.  
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shelters at any time of the year to drink free-standing water in response to precipitation (Averill-
Murray and Klug 2000, entire; Sullivan et al. 2014, entire).   
 
Population-level effects from human interactions with Sonoran desert tortoises are expected to be 
most severe when they occur to adult tortoises because adult survivorship is thought to be a 
primary determinant of population status; the investment of time and energy required to achieve 
reproductive status is high and the likelihood of any particular tortoise achieving adulthood is 
low (Howland and Rorabaugh 2002, p. 339; Zylstra et al. 2013, pp. 112–115; Campbell et al. 
2014, pp. 2, 14).  Further, negative effects to adult females are presumed to have a 
disproportionately larger effect on resident tortoise populations because an adult female tortoise 
may have many clutches of eggs over her lifetime (Van Devender 2002a, p. 11).    
 
Population-level effects from human interactions have been demonstrated from current research.  
Adult survivorship has been shown to improve with increasing distance from urbanized areas; 
specifically, the odds of a Sonoran desert tortoise surviving one year increases 13% for each 6.2 
mi (10 km) increase in distance from a city of at least 2,500 people (Zylstra et al. 2013, pp. 112-
113).  Effects from human interactions with Sonoran desert tortoises have not resulted in the 
documented extirpation of any known tortoise populations.  However, in the case where tortoise 
populations exist at low densities, are already threatened by persistent drought, or occur adjacent 
to areas of very high human population densities with commensurate levels of outdoor recreation 
and visitation, loss of adult tortoises may have a population-level effect. 
 
To assess the potential geographic scope of human interactions, we calculated the acreage of 
predicted potential habitat areas within 6.2-mi (10-km) rings of cities greater than 2,500 in 
population size.  While the potential for human interactions exists beyond these areas, we 
assumed that the closer tortoises are to human population centers, the more likely that these 
interactions (and other urban edge effects) will occur.  Figure 18 shows the areas around cities in 
6.2-mi (10-km) and 12.4-mi (20-km) rings.  Overall, 29% of predicted potential tortoise habitat 
occurs within 12.4 mi (20 km) of urban areas in Arizona and 9% does in Sonora (Figure 19). 
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Figure 18. Distance from human population centers exhibited as ringed 10-kilometer 
buffers.   
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Figure 19. Proportion of the predicted potential Sonoran desert tortoise habitat in Arizona 
(top) and Sonora (bottom) that may be influenced by urban areas. 

 

4.7 Conservation Measures 
 
There are a number of conservation actions that have been implemented to minimize stressors 
and maintain or improve the status of the Sonoran desert tortoise, including most significantly a 
candidate conservation agreement (CCA; see AIDTT 2015, entire) with AGFD, BLM, 
Department of Defense, National Park Service, U.S. Fish and Wildlife Service, Bureau of 
Reclamation, Customs and Border Protection, U.S. Forest Service, Natural Resources 
Conservation Service, and Arizona Department of Transportation (collectively referred to as 
“Parties”).  Candidate conservation agreements are formal, voluntary agreements between the 
Service and one or more parties to address the conservation needs of one or more candidate 
species or species likely to become candidates in the near future.  Participants voluntarily 
commit to implement specific actions designed to remove or reduce threats to the covered 
species, so that listing may not be necessary.  The CCA for the Sonoran desert tortoise was 
completed by the Parties in March 2015 and was signed by the final signatory, the Service, on 
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Chapter 5: Current Conditions 
 
In this chapter, we describe the current condition of the Sonoran desert tortoise through analysis 
of habitat distribution and population size across its range.  We first review the historical 
information on the species’ range.  We then describe our geospatial analysis (see further 
explanation in Appendix B) that allows us to describe predicted potential habitat across the 
species’ range.  Using that information in addition to available data on stressors to the species, 
we then describe how we measured habitat quantity and quality throughout the species’ range.  
We then describe how we used population densities and our habitat quality analysis to make 
estimates of population abundance for the U.S. and Mexico areas of analysis.  
 
5.1 Current and Historic Range  
 
The Sonoran desert tortoise occupies portions of western, northwestern, and southern Arizona in 
the United States, and the northern two-thirds of Sonora, Mexico.  According to our GIS 
analysis, roughly 40% of the geographic range of the pure Sonoran desert tortoise genotype 
occurs in Mexico.  The total area within the range of Sonoran desert tortoise in Arizona and 
Mexico is 65,938 sq mi (42 million ac, 17 million ha).  This range includes 40,177 sq mi (26 
million ac, 10 million ha) in the United States and 25,761 sq mi (16 million ac, 7 million ha) in 
Mexico. 
 
The current range and distribution of the tortoise is largely the same as the historical range and 
distribution according to available data.  In Arizona, no population extirpations or range 
reductions have been documented in the literature.  Information on the historical versus current 
distribution of the tortoise in Mexico is less certain. 

 
5.2 Habitat Quality Analysis: Arizona, U.S.  
 
After generating our predicted potential habitat layer (see Chapter 3: Predicted Potential 
Habitat), we next classified the overall habitat quality of areas within the species range into three 
categories (primary, secondary, and tertiary) based on the potential habitat and the possibility for 
stressors to be present (Figure 20).  Based on the outcome of our analysis of potential risk 
factors, we included factors in the habitat quality assessment that could have population-level 
effects to tortoises.  We used four geospatial layers to capture those factors and quantify potential 
habitat conditions:  land management, presence of nonnative vegetation, high fire risk potential, 
and proximity to urban areas.  We used these four factors, representing possible stressors and 
conservation actions, to categorize all the areas within the species’ range for the overall habitat 

Note:  Important terminology used in this SSA report. 

Habitat Potential – predicted Sonoran desert tortoise habitat based solely on physical conditions 
(elevation, slope, and vegetation), measured as High, Medium, and Low. 
 
Habitat Quality – predicted Sonoran desert tortoise habitat based on habitat potential plus 
additional factors that could be influencing habitat conditions such as stressors and land 
management, measured as Primary, Secondary, and Tertiary. 
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quality identified as primary, secondary, or tertiary under two different alternatives (Figure 21).  
One assuming High Management and Low Threats, and a second alternative assuming Low 
Management and High Threats. 
 
 
 

 
 

Figure 20. Conceptual diagram illustrating the factors we used to generate a measure of 
habitat quality and quantity for the Sonoran desert tortoise. 
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Figure 21. Visualization of the union of five spatial information layers to produce habitat 
quality maps under two alternatives of current conditions for the Sonoran desert tortoise. 

 

5.2.1 Land Management 
 
We assessed land management as an overall filter of habitat quality for the tortoise.  We 
categorized land management into five categories (Table 2) based on land ownership (Managed, 
Multi-use, Tribal, Unprotected (Private), and Other (State)).  See the GIS Report in Appendix B 
for an explanation of these categories.  Those lands currently being “Managed” or protected for 
wildlife benefits that have high conservation value to the Sonoran desert tortoise and its habitat 
were considered to contribute most to habitat quality.  We think that lands that are managed for 
wildlife benefits would reduce some potential stressors to the tortoise through actions including, 
but not limited to, limiting the spread of nonnative plants, controlling fire, minimizing interaction 
with humans, and limiting the alteration of the natural vegetation community and geological 
structures that form the basis of tortoise habitat needs.  The areas identified as “Multi-use” 
include general conservation lands with at least an indirect benefit to wildlife and a moderate 
conservation value to the Sonoran desert tortoise.  Tribal lands were treated the same as multi-
use lands.  “Unprotected” lands are primarily private lands with no indicated protection for 
wildlife or habitat, and “Other” lands are primary State of Arizona trust lands held for the 
purpose of generating funds.  Using land management as a factor in characterizing habitat quality 

Potential Habitat 

Land Management 

Invasive Vegetation 

Urban Areas 

Fire Risk 

 Habitat Quality: 
Low Threats and 
High Management 
 

Habitat Quality: 
High Threats and 
Low Management 
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Table 2. Summary of habitat quality categories in Arizona, US, using spatial layers under two sets of current conditions. 

 

 
 
 

 

Spatial Layers Categories Primary Tertiary Primary
Base: Habitat 
Suitability

a. High
b. Medium
c. Low

High High Med Low High High Med Med Low

1. Land 
Management

a. Managed
b. Multi-use
c. Tribal
d. Unprotected (Private)
e. Other (State)

a,b,c d,e all all a b,c,d,e a,b,c d,e all

2. Invasive 
Vegetation

a. Absent
b. Present
c. No data (6%)

all all all all a b,c a,c b all

3. Fire Risk a. Not High Fire Potential
b. High Fire Potential 
c. No data (6%)

all all all all a b,c a,c b all

4. Urban Influence 
– Distance

a. >20 km from >2,500 city
b. 10-20 km from city
c. 0-10 km from city 

a,b c all all a b,c a,b c all

Habitat Area (mi2) 6,089     2,536     12,470     3,100     1,820     6,801     11,422     1,048     3,100     

Total Habitat (mi2) 6,090  15,010 3,100  1,820 18,270 4,100  
Percent of Total Habitat 25% 62% 13% 8% 75% 17%

Tortoise Habitat, Arizona, U.S.
Overall Habitat Quality Overall Habitat Quality

Secondary Secondary Tertiary

Current Condition
High Management and Low Threats

Current Condition
Low Mangement and High Threats
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Figure 26. Location of Mexican protected areas with predicted potential Sonoran desert 
tortoise habitat in Sonora, Mexico.
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Table 3. Summary of habitat quality categories in Sonora, MX, using spatial layers under two sets of current conditions. 

 

SPATIAL LAYERS POSSIBLE STATES Primary Tertiary Primary
Base: Habitat 
Suitability

a. High
b. Medium
C. Low

High High Med Low High High Med Med Low

1. Land 
Management

a. Protected
b. Unprotected a b a a -- a all all all

2. Fire and Invasive 
Veg Risk

a. Absent
b. Present all all all all -- all a b all

3. Urban Influence 
– Distance

a. >20 km from >2,500 city
b. 10-20 km from city
C. 0-10 km from city 

a,b all all all -- all a,b c all

Habitat Area (mi2) 332         4,028      9,380       30           -         4,350      6,198       3,179      30           

Total Habitat (mi2) 330      13,400 30         -       10,550 3,210  
Percent of Total Habitat 2% 98% 0% 0% 79% 21%

Tortoise Habitat, Sonora, MX

Secondary Secondary Tertiary

Current & Future Conditions
High Mgt and Low Threats

Current & Future Conditions
Low Mgt and High Threats

Overall Habitat Quality Overall Habitat Quality
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Figure 27. Distribution of estimated primary and secondary habitat quality for the 
Sonoran desert tortoise in Sonora under High Management and Low Threats assumption.  
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Figure 28. Distribution of estimated primary (none) and secondary habitat quality for the 
Sonoran desert tortoise in Arizona under Low Management and High Threats assumption. 
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5.4 Abundance Estimates 
 
To further assess the current condition of the Sonoran desert tortoise we used our habitat quality 
and quantity summaries to calculate a rough estimate of the potential tortoise population sizes in 
Arizona and Sonora.  To do this we extrapolated reported population density estimates in high 
and low quality habitats to our habitat categories (Figure 29), in other words we multiplied 
density estimates by the amount of area in each habitat quality category. 
 
 

 
 
 
Figure 29. Conceptual model showing the process to estimate current abundance for the 
Sonoran desert tortoise.  

 
We estimated the adult density of tortoises in primary 
(highest quality) habitats by using the mean estimate of 
tortoise densities at 16 long-term monitoring plots as 
reported by Zylstra and Steidl (2009, p. 43).  All of these 
16 monitoring plots are within areas we categorized as 
high potential habitat.  The results were an estimate of 
43.3 adults per square mile (Table 4).  This density 
estimate has a large amount of variability (density 
estimates at specific sites range from 6.4 to 145.2 adult 
tortoises per square mile), but the mean represents the best 
available information for this estimate.  For tertiary 
(lower) quality habitats we used an estimate of 5.2 adults 
per square mile based on research in low quality habitat 
surveyed in 2001 on the Ironwood Forest National 
Monument (Averill-Murray and Averill-Murray 2005, p. 
69).  We then estimated densities of 24.3 adults per square 
mile in secondary (medium) quality habitats as an 
intermediate approximation between the densities in 
primary and tertiary habitats.  We used the same density 
estimates for Arizona and Mexico. 
 
There is a large amount of uncertainty associated with 
these estimates, so we also calculated current population 
estimates under a range of assumptions (Table 5).  We 
used a High and Low density estimate for each category of 
habitat quality.  The densities presented above serve as the High density estimates.  For the Low 
density estimate for primary quality habitat, we used the median of the long-term monitoring 

Key Assumption:  Using Zylstra 
and Steidl (2009, p. 43) as our basis 
for the densities of Sonoran desert 
tortoises in our designation of 
primary quality habitats is a 
noteworthy assumption that is 
foundational to the rest of the 
analysis. Approximating related 
densities in secondary and tertiary 
quality habitats is another important 
assumption.  Finally, extrapolating 
rangewide population estimates 
from these reported and 
approximated densities is a further 
extension of these assumptions.  
We recognize the limitations of 
these analyses, but we think they 
represent a helpful application of 
the best available information to the 
biological status of the Sonoran 
desert tortoise.  We account for 
some of the uncertainties in this 
approach through the use of a 
range of scenarios and reporting of 
the confidence intervals in the 
results of the population model. 
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density data in primary quality habitat (25.2); for tertiary quality habitat, we used 50% of the 
estimate in tertiary quality habitat (2.6); and for secondary quality habitat, we used a midpoint 
between the estimates for primary and tertiary quality habitats (13.9) (see Table 5).  When 
population densities are then summed across the three habitat quality categories, this approach 
resulted in four overall rangewide current population estimates ranging from 470,000 to 970,000 
adult tortoises (Table 5). 
 
Table 4. Density estimates at long-term plots in Arizona that were surveyed at least twice 
for desert tortoises between 1996 and 2006.  Adapted from Zylstra and Steidl (2009, p. 43). 

Monitoring Plot adults/sq mi 
Arrastra Mountains 25.2 
Bonanza Wash 15.9 
Buck Mountains 16.1 
Eagletail Mountains 29.0 
East Bajada 7.6 
Granite Hills 57.5 
Harcuvar Mountains 48.7 
Harquahala Mountains 6.4 
Hualapai Foothills 18.1 
Little Shipp Wash 68.2 
Maricopa Mountains 23.6 
New Water Mountains 24.2 
San Pedro Valley 39.4 
Tortilla Mountains 145.2 
West Silverbell Mountains 123.9 
Wickenburg Mountains 36.7 

Mean 43.3    
Median 25.2 
Sample Size 16 
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Table 5. Population estimates for the Sonoran desert tortoise in Arizona, Mexico, and rangewide, rounded to the nearest 
10,000.  Density is the estimated number of adult tortoises per square mile in each of the three Habitat Quality categories.  
Habitat Area is the total amount of calculated areas, in square miles, of habitat within the three Habitat Quality categories.  
Pop Est is the estimated tortoise abundance, which is the product of Density and Habitat.  

 

 
 

Habitat 
Quality

Mean 
Density

(adult/mi2)

Median 
Density

(adult/mi2)

Habitat 
Area
(mi 2 )

High Pop Est
(adults)

Low Pop Est
(adults)

Habitat 
Area
(mi 2 )

High Pop Est
(adults)

Low Pop Est
(adults)

Primary 43.3 25.2 6,090    263,697     153,468 1,820            78,806     45,864

Secondary 24.3 13.9 15,010  363,993     208,639 18,220          441,835   253,258

Tertiary 5.2 2.6 3,100    16,120       8,060 4,150            21,580     10,790
US Total 24,200        640,000              370,000              24,190          540,000            310,000

Primary 43.3 25.2 -         -              0 -                -            0

Secondary 24.3 13.9 13,730  332,953     190,847 10,900          264,325   151,510

Tertiary 5.2 2.6 30          156             78 2,860            14,872     7,436
MX Totals 13,760        330,000              190,000 13,760          280,000            160,000

37,960        970,000              560,000 37,950          820,000            470,000        Rangewide Totals

RANGEWIDE

ARIZONA, U.S.

Quality Habitat:
High Mgt & Low Threats

SONORA, MX

Quality Habitat:
Low Mgt & High ThreatsAbundance Estimates
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Chapter 6: Future Conditions and Viability  
 
We have reviewed the ecological needs of the Sonoran desert tortoise, the current conditions of 
the species, and the risk factors and conservation actions that drive the condition of the species.  
We next turn to evaluating the potential future condition of the species to assess its viability.  
Because of the complexity of potential factors and the large range of the Sonoran desert tortoise, 
we developed several quantitative tools to assist us in characterizing the future habitat conditions 
and species responses in order to evaluate a range of plausible future scenarios.  We used our 
spatial analysis of current conditions (habitat quantity and quality based on scope of potential 
stressors) in developing scenarios of future environmental conditions to forecast the risk of 
extinction of the species over time using a simulation model.  This analysis informs our 
characterization of the future viability of the Sonoran desert tortoise. 
 
6.1 Stochastic Simulation Model 
 
The purpose of the stochastic simulation model is to use the relationship of potential 
environmental conditions (habitat quality and quantity) and species abundance to project the 
future risk of extinction of the Sonoran desert tortoise.  After considering the potential causes 
and effects of stressors as they relate to quantity and quality of habitat and the possible impacts 
on vital rates, we constructed a simulation model with the following key parameters as inputs 
(described below): habitat quantity and quality, extent of drought, starting abundance (or 
population size), maximum abundance, and vital rates.  The model outputs are median 
abundance, population growth rate, and the probability of quasi-extinction (Figure 30).  We ran 
the model under a range of different scenarios representing key areas of uncertainty in the 
analysis.  Below is a brief discussion of the model parameters.  A more detailed explanation 
about how the simulation model incorporates these parameters is provided in Appendix D: 
Stochastic Simulation Model Report. 
 
 

 
  
Figure 30. Overview diagram of the stochastic simulation model for the Sonoran desert 
tortoise.  Inputs to the model included habitat quality and quantity and magnitude of 
drought.  Habitat determined the starting and maximum abundance which influences vital 
rates, as does the magnitude of drought. The output of the model includes future 
abundance, population growth rate and quasi-extinction probability. 
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6.1.1 Habitat quantity and quality (Input) 
 
We determined the starting habitat quantity and quality for the simulation model using the three 
categories of overall habitat quality within the species range (primary, secondary, and tertiary) 
based on the habitat potential and possibility for effects of stressors.  More specifically, the 
habitat quality was determined by considering a combination of overall habitat potential (based 
on vegetation, elevation, and slope) (see Chapter 3: Predicted Potential Habitat) and the 
conditions of the habitat (based on land management, presence of invasive vegetation, high fire 
risk potential, and the proximity to urban areas) (see Chapter 5: Current Conditions).  Habitat 
quality and quantity were used in calculating both starting abundance sizes and annual 
population ceiling (carrying capacity) (Figure 31).   
 

How does the simulation model work?  Essentially the population simulation model takes 
a given starting abundance (estimated number of female tortoises) and calculates the future 
abundance over time by applying reproductive and survival rates (i.e., vital rates).  These 
vital rates are the proportion of the total tortoises in a population that are surviving, being 
adding to the population through reproduction, or being removed from the population each 
year.  For example, an adult survival rate of 0.9 means 90% of the adult tortoises are 
surviving from one year to the next and 10% are dying.  By calculating the number of 
tortoises being added to the population through reproduction and taken away from the 
population through death each year, it allows us to project the change in the abundance of 
tortoises over time based on those vital rates.  Because there is natural variation in 
reproduction and survival rates, as well as uncertainty about those rates, the vital rates are 
not single set numbers but are a range based on our understanding of the species. 

The computer runs the model 1,000 times, and in each model run, or replicate, randomly 
selects different annual vital rates within the given ranges.  Therefore, the model results will 
vary between replicates based on which vital rates were randomly selected. 
 
Each model replicate calculates the annual abundance of tortoises for each year for 200 years 
into the future, and we can use the median abundance of these 1,000 replicates as our 
estimate of the future abundance of the tortoise.  The change in the median abundance 
estimates over time results in a population growth rate, where 1.0 is stable (no change in 
abundance), less than 1.0 is declining, and greater than 1.0 is increasing.  With 1,000 
replicates of annual population growth rate we can calculate the average annual population 
growth rate. 
 
Because of the variation and an uncertainty in survival and reproductive rates, some of the 
abundance projections of those 1,000 replicates of the model will fall below a quasi-extinction 
level.  The quasi-extinction level is a threshold number of individuals that we established prior 
to the analysis.  When the simulated abundance of a replicate drops below this threshold, we 
consider that replicate to be extinct.  For example, if the population abundance falls below 
the quasi-extinction level in 10 of the 1,000 replicates over 100 years, then the quasi-
extinction probability is 0.01 or 1% in 100 years.  We ran the model independently for 
different scenarios (9 in the US and 9 in Mexico) and each scenario is replicated 1,000 times 
to produce the model results. 
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Figure 31. Derived inputs (shaded boxes) of the stochastic simulation model for the 
Sonoran desert tortoise. 

 
6.1.2 Starting and Maximum Abundance (Input) 
 
We used our density estimates of adult tortoises in the different habitat qualities (see section 5.4 
Abundance Estimates) to derive the starting abundance (or population size), maximum 
abundance (which represents the carrying capacity or population ceiling for the model), and 
quasi-extinction level (see below) (Figure 31).  For the starting abundance for the model 
simulations we multiplied the estimated habitat area of each of the three habitat quality 
categories by the population density estimates in those categories.  However, the model uses half 
of this total number, as it is a female-only model and assumes a sex ratio of 1:1 (see Appendix D: 
Stochastic Simulation Model Report).  For this evaluation, we assume the species is at carrying 
capacity15 at the outset of the model and this population estimate serves as a ceiling or carrying 
capacity to limit overall population growth in the simulation for scenarios not involving future 
loss of habitats due to urbanization.  For evaluating different scenarios we used mean (average) 
                                                 
15 We recognize that it is an important assumption that the species is currently at carrying capacity based on the 
density of individuals in different levels of habitat quality.  This is a conservative approach which limits the 
potential for future growth of the population.  We do not have any relevant information that would better inform a 
different assumption. 


